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Aims: Vegetation-	plot	 records	 provide	 information	 on	 the	 presence	 and	 cover	 or	
abundance	of	plants	co-	occurring	in	the	same	community.	Vegetation-	plot	data	are	




































ecological	 communities,	 and	 consequently	 global	 biodiversity	 pat-




species	 in	 ecological	 communities,	 sampled	 across	 continental	 or	
global	spatial	extents	 (Beck	et	al.,	2012;	Wisz	et	al.,	2013).	For	ex-
ample,	such	co-	occurrence	data	have	been	used	to	compare	changes	
in	 vegetation	 composition	over	 time	 spans	of	decades	 (Jandt,	 von	
Wehrden,	&	Bruelheide,	2011;	Perring	et	al.,	2018).	Unfortunately,	
up	 to	now	 information	on	fine-	grain	vegetation	data	has	not	been	
readily	 available,	 as	most	 of	 the	 continental	 to	 global	 biodiversity	
datasets	 have	 been	 derived	 from	 occurrence	 data	 (i.e.,	 presence-	
only	 data),	 and	 after	 being	 aggregated	 spatially,	 have	 a	 relatively	













between	 local	 abundance	and	niche	breadth	 (Gaston	et	al.,	2000).	
Second,	they	contain	information	on	which	plant	species	co-	occur	in	
the	same	locality	(Chytrý	et	al.,	2016),	which	is	a	necessary	precon-
dition	 for	direct	biotic	 interactions	 among	plant	 individuals.	Third,	
unrecorded	 species	 can	be	 considered	 truly	 absent	 from	 the	 abo-
veground	vegetation	at	 this	 scale	because	 the	standardized	meth-
odology	of	taking	a	vegetation	record	requires	a	systematic	search	
for	all	species	in	a	plot,	or	at	least	all	species	of	the	dominant	func-
tional	 group.	 Fourth,	 many	 plots	 are	 spatially	 explicit	 and	 can	 be	
resurveyed	 through	 time	 to	 assess	 possible	 consequences	 of	 land	
use	and	climate	change	(Perring	et	al.,	2018;	Steinbauer	et	al.,	2018).	
Fifth,	vegetation	plots	represent	a	snapshot	of	the	primary	produc-













































Although	 large	 collections	 of	 vegetation-	plot	 data	 are	 now	
available	 from	 national	 to	 continental	 levels	 (e.g.,	 Chytrý	 et	al.,	
2016;	Enquist,	Condit,	Peet,	Schildhauer,	&	Thiers,	2016;	Peet,	Lee,	





grid-	based	 datasets	 (Table	1).	 Functional	 composition	 patterns,	 for	




differ	 strongly	 from	 the	 community-	weighted	means	 (CWMs)	 aver-
aged	across	local	communities	(Figure	1).	Nevertheless,	only	the	grid-	
based	approach	has	been	used	to	date	 in	studies	of	the	geographic	























To derive information 
on the …












Floristic	composition … of the local community …	of	the	species	pools	of	vegetation	types …	of	the	total	set	of	species















… at the local level …	at	the	regional	level …	at	the	regional	level
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two	 (sub-	)continental	 database	 initiatives	 (Table	2	 and	 Appendix	
S1).	All	data	from	Europe	and	nearby	regions	were	contributed	via	
the	European	Vegetation	Archive	(EVA),	using	the	SynBioSys	taxon	

















pository	and	 links	the	plot	attributes	 (so-	called	header	data)	 to	58	















tion	 in	sPlot	with	plant	 traits,	we	expanded	this	backbone	to	 inte-
grate	plant	names	used	in	the	TRY	database	(Kattge	et	al.,	2011).	The	
taxon	 names	 (without	 nomenclatural	 authors)	 from	 sPlot	 2.1	 and	
TRY	3.0	were	first	concatenated	into	one	list,	resulting	 in	121,861	








matched	within	 a	maximum	number	of	 four	 single-	character	 edits	
(Levenshtein	edit	distance	of	4),	which	corresponds	to	the	minimum	
match	accuracy	of	0.05	in	TNRS,	with	1	indicating	a	perfect	match.


























tailed	description	of	the	workflow,	 including	R-	code,	 is	available	 in	
Purschke	(2017a).
One	 potential	 shortcoming	 of	 our	 taxonomic	 backbone	 is	 that	
for	most	regions	it	was	necessary	to	standardize	taxa	using	standard	
sets	of	taxonomic	synonyms.	Thus,	if	a	taxonomic	name	represents	








plicable	 to	 all	 plots	 irrespective	of	 the	 structural	 and	habitat	 data	
provided	by	 the	 source	database,	we	defined	as	 forest	all	plot	 re-
cords	that	had	>25%	absolute	cover	of	the	tree	layer,	making	use	of	
the attribute data of sPlot. This threshold is similar to the classifica-
tion	of	Ellenberg	and	Müller-	Dombois	(1967),	who	defined	woodland	
formations	with	trees	covering	more	than	30%.	There	were	16,244	
tree	 species	 in	 the	 sPlot	database.	As	 tree	 layer	 cover	was	availa-
ble	 for	only	25%	of	all	plots,	we	additionally	used	 the	 information	
whether	 the	 taxa	 present	 in	 a	 plot	were	 trees	 (usually	 defined	 as	
being	taller	than	5	m),	using	the	plant	growth	form	information	from	
TRY	 (see	 below).	 Thus,	 plots	 lacking	 tree	 cover	 information	 were	
defined	as	 forests	 if	 the	sum	of	 relative	cover	of	all	 tree	 taxa	was	
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TABLE  2   Plot datasets included in sPlot 2.1
GIVD ID Database name
# of plots in 
sPlot 2.1 Custodian Deputy custodian Reference
[Aggregator] European Vegetation Archive 
(EVA)










































EU-	00-	018 The	Nordic	Vegetation	Database 5,477 Jonathan	Lenoir Jens-	Christian	
Svenning
Lenoir	et	al.	(2013)
EU-	00-	019 Balkan	Vegetation	Database 9,118 Kiril	Vassilev Hristo	Pedashenko Vassilev	et	al.	(2016)
EU-	00-	020 WetVegEurope 14,111 Flavia	Landucci Landucci	et	al.	(2015)
EU-	00-	022 European	Mire	Vegetation	
Database




EU-	AL-	001 Vegetation	Database	of	Albania 290 Michele	De	Sanctis Giuliano	Fanelli De	Sanctis,	Fanelli,	
Mullaj,	and	Attorre	
(2017)
EU-	AT-	001 Austrian	Vegetation	Database 34,458 Wolfgang	Willner Christian	Berg Willner,	Berg,	and	
Heiselmayer	(2012)
EU-	BE-	002 INBOVEG 25,665 Els	De	Bie









104,697 Milan	Chytrý Dana	Holubová Chytrý	and	Rafajová	
(2003)
(Continues)
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GIVD ID Database name
# of plots in 
sPlot 2.1 Custodian Deputy custodian Reference
EU-	DE-	001 VegMV 53,822 Florian	Jansen Christian	Berg Jansen,	Dengler,	and	
Berg	(2012)





















EU-	GR-	001 KRITI 292 Erwin	Bergmeier
EU-	GR-	005 Hellenic	Natura	2000	Vegetation	
Database	(HelNatVeg)
5,168 Panayotis	Dimopoulos Ioannis	Tsiripidis Dimopoulos	and	
Tsiripidis	(2012)







EU-	HR-	002 Croatian	Vegetation	Database 8,734 Željko	Škvorc Daniel	Krstonošić
EU-	HU-	003 CoenoDat	Hungarian	
Phytosociological	Database
8,505 János	Csiky Zoltán	Botta-	Dukát Lájer	et	al.	(2008)
EU-	IT-	001 VegItaly 15,332 Roberto	Venanzoni Flavia	Landucci Landucci	et	al.	(2012)
EU-	IT-	010 Italian	National	Vegetation	
Database	(BVN/ISPRA)






12,780 Emiliano	Agrillo Fabio	Attorre Agrillo	et	al.	(2017)













EU-	PL-	001 Polish	Vegetation	Database 22,229 Zygmunt	Kącki Grzegorz	Swacha Kącki	and	Śliwiński	
(2012)
EU-	RO-	007 Romanian	Forest	Database 6,017 Adrian	Indreica Pavel Dan Turtureanu Indreica,	Turtureanu,	
Szabó,	and	Irimia	
(2017)
EU-	RO-	008 Romanian	Grassland	Database 1,921 Eszter	Ruprecht Kiril	Vassilev Vassilev	et	al.	(2018)
EU-	RS-	002 Vegetation	Database	Grassland	
Vegetation	of	Serbia
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GIVD ID Database name
# of plots in 
sPlot 2.1 Custodian Deputy custodian Reference
EU-	RU-	002 Lower	Volga	Valley	
Phytosociological	Database









7,471 Vadim	Prokhorov Maria	Kozhevnikova Prokhorov,	Rogova,	
and	Kozhevnikova	
(2017)
EU-	SI-	001 Vegetation	Database	of	Slovenia 10,986 Urban	Šilc Filip	Küzmič Šilc	(2012)
EU-	SK-	001 Slovak	Vegetation	Database 36,405 Milan	Valachovič Jozef	Šibík Šibík	(2012)




[Aggregator] Tropical African Vegetation 
Archive (TAVA)
6,677 Marco Schmidt Stefan Dressler Janßen et al. (2011)
AF-	00-	001 West	African	Vegetation	
Database
3,129 Marco	Schmidt Georg	Zizka Schmidt	et	al.	(2012)
AF-	00-	008 PANAF	Vegetation	Database 2,469 Hjalmar	Kühl TeneKwetche	Sop




1,827 Oliver	L.	Phillips Aurora	Levesley Lopez-	Gonzalez,	
Lewis,	Burkitt,	and	
Phillips	(2011)
00-	00-	003 SALVIAS 4,883 Brian	Enquist Brad Boyle
00-	00-	005 Tundra	Vegetation	Plots	
(TundraPlot)









1,666 Norbert	Jürgens Gerhard	Muche Muche,	Schmiedel,	
and	Jürgens	(2012)
AF-	00-	006 SWEA-	Dataveg 2,704 Miguel	Alvarez Michael	Curran
AF-	00-	009 Vegetation	Database	of	the	
Okavango	Basin




292 Elizabeth	Kearsley Hans	Verbeeck Kearsley	et	al.	(2013)












AS-	00-	001 Korean	Forest	Database 4,885 Tomáš	Černý Petr	Petřík Černý	et	al.	(2015)
AS-	00-	003 Vegetation	of	Middle	Asia 1,381 Arkadiusz	Nowak Marcin	Nobis Nowak	et	al.	(2017)
AS-	00-	004 Rice	Field	Vegetation	Database 179 Arkadiusz	Nowak
TABLE  2  (Continued)
(Continues)
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GIVD ID Database name
# of plots in 


























AS-	ID-	001 Sulawesi	Vegetation	Database 24 Michael	Kessler
AS-	IR-	001 Vegetation	Database	of	Iran 2,335 Jalil	Noroozi Parastoo	Mahdavi
AS-	KG-	001 Vegetation	Database	of	
South-	Western	Kyrgyzstan
































AS-	YE-	001 Socotra	Vegetation	Database 396 Michele	De	Sanctis Fabio	Attorre De	Sanctis	and	
Attorre	(2012)













63 Timothy	Whitfeld George	Weiblen Whitfeld	et	al.	(2014)
TABLE  2  (Continued)
(Continues)
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>25%.	Similarly,	we	defined	non-	forests	by	calculating	the	cover	of	
all	taxa	that	were	not	defined	as	trees	or	shrubs	(also	taken	from	the	






unassigned	 (i.e.,	 neither	 forest,	 nor	 non-	forest).	 In	 addition,	 more	
detailed	classifications	of	plots	into	physiognomic	formations	(Table	





We	developed	 a	workflow	 to	 generate	 a	 phylogeny	 of	 the	 vascu-
lar	plant	species	in	sPlot,	using	the	phylogeny	of	Zanne	et	al.	(2014),	
updated	by	Qian	and	Jin	(2016).	Species	present	 in	sPlot	but	miss-
ing	 from	 this	 phylogeny	were	 added	 next	 to	 a	 randomly	 selected	
congener	 (see	 also	 Maitner	 et	al.,	 2018).	 This	 approach	 has	 been	
demonstrated	to	introduce	less	bias	into	subsequent	analyses	than	






GIVD ID Database name
# of plots in 




NA-	CA-	003 Database of Timberline 
Vegetation	in	NW	North	
America









NA-	CA-	005* Boreal	Forest	of	Canada 89 Yves	Bergeron Louis	De	Grandpré
NA-	GL-	001 Vegetation	Database	of	
Greenland
664 Birgit	Jedrzejek Fred	J.A.	Daniëls Sieg,	Drees,	and	
Daniëls	(2006)
NA-	US-	002 VegBank 67,352 Robert	K.	Peet Michael	T.	Lee Peet	et	al.	(2012)
NA-	US-	006 Carolina	Vegetation	Survey	
Database
17,221 Robert	K.	Peet Michael	T.	Lee Peet	et	al.	(2012)
NA-	US-	014 Alaska-	Arctic	Vegetation	Archive 1,363 Donald	A.	Walker Amy	Breen Walker	et	al.	(2016)


















SA-	CL-	002 SSAForests_Plots_db 261 Alvaro	G.	Gutierrez
SA-	CL-	003* Chilean	Park	Transects	
-	Fondecyt	1040528
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To	 complement	 the	 plot	 data,	 we	 harmonized	 geographical	 coor-












ones	 used	 in	 WorldClim	 (www.worldclim.org;	 Hijmans,	 Cameron,	




precise	 for	 precipitation	 patterns	 (Karger	 et	al.,	 2017).	 We	 also	
calculated	 growing	 degree	 days	 for	 1°C	 (GDD1)	 and	 5°C	 (GDD5),	
according	to	Synes	and	Osborne	(2011)	and	based	on	CHELSA	data,	
and	 included	 the	 index	of	 aridity	and	potential	 evapotranspiration	
extracted	from	the	CGIAR-	CSI	website	(www.cgiar-csi.org).	In	addi-
tion,	we	extracted	seven	soil	variables	from	the	SOILGRIDS	project	
(https://soilgrids.org/;	 licensed	by	 ISRIC	–	World	Soil	 Information),	











We	 linked	 all	 vegetation	plots	 to	 two	global	 biome	 classifica-
tions.	We	 used	 the	World	Wildlife	 Fund	 (WWF)	 spatial	 informa-
tion	 on	 terrestrial	 ecoregions	 (Olson	 et	al.,	 2001)	 to	 assign	 plots	
to	one	of	the	867	ecoregions,	14	biomes	and	eight	biogeographic	
realms.	The	WWF	approach	 is	based	on	a	bottom-	up	expert	sys-
tem	 using	 various	 regional	 biodiversity	 sources	 to	 define	 ecore-
gions,	 which	 in	 turn	 are	 grouped	 into	 realms	 and	 biomes	 (Olson	
et	al.,	2001).	 In	addition,	we	created	a	shapefile	 for	 the	ecozones	
defined	by	Schultz	(2005)	to	represent	major	biomes	in	response	to	
global	climatic	variation.	Since	these	zones	are	climatically	hetero-
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belt,	as	defined	in	the	classification	of	world	mountain	regions	by	










respond	 to	macroclimatic	 drivers.	 These	 traits	 were	 represented	
across	 all	 species	 in	 the	TRY	database	by	 at	 least	 1,000	 trait	 re-
cords.	We	 excluded	 trait	 records	 from	manipulative	 experiments	
and	outliers	 (Kattge	et	al.,	 2011),	which	 resulted	 in	 a	matrix	with	
632,938	 individual	 plant	 records	 on	 52,032	 taxa	 in	 TRY,	 having	






















where nk	 is	 the	number	of	 species	with	 trait	 information	 in	plot	k,	
pi,k	is	the	relative	abundance	of	species	 i	in	plot	k calculated as the 
species’	fraction	in	cover	or	abundance	of	total	cover	or	abundance,	






sPlot	 2.1	 contains	 1,121,244	 vegetation	 plots	 from	 160	 countries	
and	 from	 all	 continents	 (Figure	3).	 The	 global	 coverage	 is	 biased	
towards	 Europe,	 North	 America	 and	 Australia,	 reflecting	 unequal	











a	 certain	 diameter	 or	 only	 the	most	 dominant	 species	 recorded.	
Terricolous	 bryophytes	 and	 lichens	 were	 additionally	 identified	
in	 14%	 and	 7%	 of	 plots,	 respectively	 (Table	 S2.1	 in	 Appendix	
S2).	 Forest	 and	 non-	forest	 plots	 comprise	 330,873	 (29.7%)	 and	
513,035	 (46.0%)	of	all	plots	 in	sPlot,	 respectively.	 In	most	cases,	
species	abundance	was	estimated	using	different	variants	of	 the	
Braun-	Blanquet	 cover–abundance	 scale	 (66%),	 followed	 by	 per-
centage	cover	 (15%)	and	55	other	numeric	or	ordinal	scales.	The	
temporal	extent	of	the	data	spans	from	1885	to	2015,	but	>94%	
of	 vegetation	 plots	 were	 recorded	 later	 than	 1960	 (Figure	 S2.1	
in	 Appendix	 S2).	 Almost	 all	 plots	 are	 georeferenced	 (1,120,686)	
and	the	majority	of	plots	have	location	uncertainty	of	10	m	or	less	
(Figure	S2.2	in	Appendix	S2).
Vascular	plant	 richness	per	plot	 ranges	 from	1	 to	723	species	
(median	=	17	species).	The	most	frequent	richness	class	is	between	
20	and	25	species	(Figure	S2.3	in	Appendix	S2).	Plot	size	is	reported	
in	65.4%	of	plots,	 ranging	 from	<1	m2	 to	25	ha,	with	 a	median	of	
36 m2.	While	forest	plots	have	plot	sizes	≥100	m2,	and	in	most	cases	
≤1,000	m2,	 non-	forest	plots	 range	between	5	and	100	m2	 (Figure	
S2.4	 in	Appendix	 S2).	When	using	 these	 size	 ranges,	 forest	 plots	
tend	to	be	richer	 in	species	(Figure	4a).	The	fact	that	the	gradient	
in	richness	found	in	our	plots	was	at	least	one	order	of	magnitude	











































S7.6	 in	Appendix	S7).	Coverage	of	 species	 included	 in	 the	phylog-





species’	 frequency	 in	plots.	Gap-	filled	trait	 information	 is	available	
for	77.2%	and	96.2%	for	taxa	that	occurred	 in	more	than	100	and	
1,000	 plots,	 respectively.	 Trait	 coverage	 is	 similar	 across	 biomes	
(Figure	S8.8	 in	Appendix	S8).	Across	all	biomes,	 the	proportion	of	
species	for	which	gap-	filled	trait	data	are	available	increases	with	the	










that	 are	 already	 sufficiently	 covered	 by	 sPlot	 data.	 Accordingly,	
CWMs	of	SLA	are	quite	similar	for	forest	and	non-	forest	plots,	being	
highest	 in	western	North	America	and	Europe	and	 lowest	 in	east-
ern	North	America,	East	and	South	Australia	(Figure	4b).	Non-	forest	




















Data	access	 to	 sPlot	 is	 regulated	by	 the	Governance	and	Data	
Property	Rules	(www.idiv.de/sPlot)	to	ensure	a	fair	balance	between	
the	 interests	 of	 data	 contributors	 and	 data	 analysts.	 In	 brief,	 the	
sPlot	Rules	state	that:	(a)	all	contributing	vegetation-	plot	databases	
become	members	of	the	sPlot	consortium,	represented	by	their	cus-
todian	 and	 deputy	 custodian;	 (b)	 vegetation-	plot	 data	 contributed	
to	 sPlot	 remain	 the	 property	 of	 the	 data	 contributors	 and	 can	 be	
withdrawn	at	any	 time	except	 for	approved	projects;	 (c)	other	sci-
entists	(e.g.,	data	managers	or	participants	of	the	sPlot	workshops)	
with	 particular	 responsibilities	may	 also	 be	 appointed	 as	 personal	
members	 to	 the	sPlot	consortium;	 (d)	 sPlot	data	can	be	 requested	








to	a	 ‘give-	and-	receive’	 system.	Moreover,	 the	data	are	available	 to	
any	 researcher	by	establishing	a	collaboration	 that	 includes	and	 is	
supported	by	at	least	one	sPlot	consortium	member.
The	 sPlot	 consortium	 is	 governed	 by	 a	 Steering	 Committee	
elected	by	all	consortium	members	for	two-	year,	renewable	terms.	
Project	 proposals	 can	 be	 submitted	 to	 the	 Steering	 Committee,	
which	ensures	that	the	sPlot	Rules	are	followed	and	redundant	work	
between	 overlapping	 projects	 is	 avoided.	 The	 lists	 of	 databases,	




The	main	 aim	 of	 the	 sPlot	 database	 is	 to	 catalyze	 a	 collaborative	
network	 for	understanding	global	diversity	patterns	of	plant	com-
munities	 in	 space	 and	 time.	 sPlot	 provides	 a	 unique,	 integrated	
global	 repository	 of	 data	 that	 would	 otherwise	 be	 fragmented	 in	
unconnected	 and	 structurally	 inconsistent	 databases	 at	 regional,	
national	 or	 continental	 levels.	 Together	with	 the	 provision	 of	 har-






1.	 	 Using	 sPlot,	 one	 can	 predict	 the	 species	 that	 can	 co-exist	 in	
a	 community	 and	 also	 the	 frequencies	 of	 their	 co-occurrence	
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(Breitschwerdt,	 Jandt,	 &	 Bruelheide,	 2015)	 or	 niche	 overlap	
(Broennimann	 et	al.,	 2012).	 In	 addition,	 emerging	 tools	 such	 as	
Markov	networks	can	be	used	to	infer	strengths	of	interspecific	
interactions	 (Harris,	 2016).	 When	 investigating	 community	 as-
sembly	 rules,	 the	 same	 information	 can	 be	 used	 to	 derive	
species	pools	for	specific	vegetation	types	(de	Bello	et	al.,	2016;	
Karger	 et	al.,	 2016;	 Lewis,	 Szava-Kovats,	 &	 Pärtel,	 2016).	
Moreover,	 the	 co-occurrence	 data	 from	 sPlot	 can	 be	 used	 to	
address	 fundamental	 patterns	 and	 drivers	 of	 plant	 invasions	
better	 than	 information	 on	 large	 geographic	 entities	 (e.g.,	 van	
Kleunen	 et	al.,	 2015)	 alone	 could.





between	 plant	 communities	 within	 grid	 cells	 (=	 beta	 diversity;	
Table	1).	Thus,	the	community	data	are	an	important	complement	











to	assess	 the	 roles	of	divergent	 traits	 (Díaz	et	al.,	 2007;	Kröber	
et	al.,	2015).
4.	 	Plant	species	within	plots	can	be	linked	to	traits	that	predict	inter-
actions	with	organisms	 from	other	 trophic	 groups,	both	below-
ground	 (mycorrhizae,	 soil	 decomposers)	 and	 above-ground	
(herbivores	and	pollinators).	This	will	allow	linking	vegetation	plot	














filtering	 for	plots	with	 identical	or	at	 least	 similar	 size	or	accounting	
for	the	plot-	size	effects	in	the	statistical	model.	In	addition,	analyses	




in	 sPlot	 call	 for	 stratified	 resampling	 to	balance	 records	of	different	
environments	(e.g.,	stratified	by	climate,	Figure	2)	or	physiognomic	for-
mations	(Figure	4).	Users	of	sPlot	need	to	be	aware	of	these	and	other	










this	 consolidated	 database	with	 other	 global	 databases,	 e.g.,	 via	 a	
joint	taxonomic	backbone	with	TRY	and	the	Global	Naturalized	Alien	
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